Simultaneous overnight oesophageal pH and manometric and sleep electroencephalographic recordings were performed in eight healthy subjects, aged 20-38 years, to test the hypothesis that the frequency of primary, swallow related contractions decreases progressively with deeper sleep stages whereas the frequency of secondary contractions remains constant throughout the night. During the nocturnal period (2300 to 0700), periods of oesophageal motor quiescence were interspersed by clusters of contractions detected 5 and 15 cm above the lower oesophageal sphincter. Primary contractions decreased in frequency from 142/min (median) during arousal periods to 0.22/min during stage 1 sleep, 0-05/min during stages 2 to 4 combined, and 0-03/min during rapid eye movement (REM) sleep. Secondary contractions were also most frequent during arousal periods (0-51/min) and they, too, decreased in frequency during stage 1 (0.35/min) and stages 2 to 4 combined (0-08/min). During REM sleep, however, the frequency of secondary contractions increased (0.50/min) to levels noted during arousal and stage 1 sleep. Compared with primary contractions, secondary contractions had a lower amplitude (51.9 hPa v 76-0 hPa; p=00078) and a shorter duration (3.08 v 4-06 s; p=00078). The results of this study suggest that there is no intrinsic oesophageal motor activity in the absence of a stimulatory input from the central nervous system and that the increased number of secondary contractions during REM sleep may be a result of an REM related increase in autonomic nervous system activity although a temporary decrease of efferent inhibitory influences cannot be ruled out. Nocturnal contraction clusters comprise both primary contractions during arousals and stage 1 sleep and secondary contractions during REM sleep.
to 4 combined (0-08/min). During REM sleep, however, the frequency of secondary contractions increased (0.50/min) to levels noted during arousal and stage 1 sleep. Compared with primary contractions, secondary contractions had a lower amplitude (51.9 hPa v 76-0 hPa; p=00078) and a shorter duration (3.08 v 4-06 s; p=00078). The results of this study suggest that there is no intrinsic oesophageal motor activity in the absence of a stimulatory input from the central nervous system and that the increased number of secondary contractions during REM sleep may be a result of an REM related increase in autonomic nervous system activity although a temporary decrease of efferent inhibitory influences cannot be ruled out. Nocturnal contraction clusters comprise both primary contractions during arousals and stage 1 sleep and secondary contractions during REM sleep. (Gut 1993; 34: [1653] [1654] [1655] [1656] [1657] [1658] [1659] Oesophageal motor activity may be modulated both by central factors, such as psychological stress1 and peripheral factors, such as the size, viscosity, and temperature ofa swallowed bolus,2 but it is difficult to differentiate clearly between the participation of the central and peripheral modulators. If, however, one assumes that central processes, and particularly those under voluntary control, become less important as a subject progresses from wakefulness to deep sleep, one could attribute any residual oesophageal activity during deep sleep to peripheral mechanisms. This study was designed to investigate the dependence of normal, nocturnal oesophageal motor activity on the state of central nervous system arousal. Specifically, the hypotheses tested were firstly, that primary, swallow related contractions decrease in frequency as the depth of sleep progresses from stage 1 (light sleep) to stage 4 (deep sleep) and secondly, that secondary contractions, unrelated to swallowing, are comparably frequent during all sleep stages because they are initiated by local stimuli, independently of any central events.
The hypotheses were tested by making simultaneous overnight oesophageal pH, manometric and electroencephalographic recordings to assess whether oesophageal motility varies with respect to sleep stages or the occurrence of gastrooesophageal reflux.
Methods and subjects SUBJECTS AND STUDY PROTOCOL
Eight healthy subjects, three women and five men (median age 24 years, range [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] , all of whom received remuneration for their participation, were studied. No subject had a history of gastrointestinal or other intercurrent illness, oesophageal symptoms or sleep disturbances and none was receiving any treatment. All subjects gave written informed consent; the study was conducted with the approval of the local ethical committee in accordance with the Declaration of Helsinki.
One week before the recordings, a routine manometric examination was performed in each subject, using a low compliance perfused capillary system3 to localise the lower oesophageal sphincter and to exclude oesophageal motor abnormalities. For the nocturnal recordings, the subjects arrived in the laboratory at 1700 having fasted from 1200. The combined oesophageal pH and manometric recording assembly was passed transnasally and advanced until it reached the stomach. A rapid pull through was performed to confirm the position of the lower oesophageal sphincter and the assembly was positioned such that the pH electrode and the more distal of the two pressure transducers were located 5 Paluesfor each subject and horizontal bars, the acovty, contractions were considered to be secondary or swallow unrelated. The character- Nocturnal oesophageal motor activity is dependent on sleep stage In the recording shown (Fig 3) , as in the other recordings, there were no episodes of gastro- an contraction frequencyfor each subject and horizontal bars, the group median contraction 0700 that might have accounted for the bursts of frequencies.
motor activity.
to fall asleep was 13-2 min but, thereafter, periods of spontaneous arousal lasted a mean of 2 3 to 7 1 min per hour rising to 11-3 min in the final hour from 0600 to 0700 (Fig 2) . similar to that of nocturnal propagated contractions (Fig 5) . The frequency of all contractions (Fig 4) , both propagated and non-propagated, During REM sleep, the frequencies propagated and non-propagated conti increased to those seen during stage 1 (Table II) . Overall, the nocturnal period contained higher pro-
portions of high amplitude (>200 hPa) and e r -1 prolonged (> 10 s) contractions, typified by ir Figure 7 , than did the non-meal, daytime 3-1-70) periods (Table III) . .,,,,,,,,,.,,,,l,,,,.,,,,,,,,,,,,,,,, swallowing activity has been reported to be associated strongly with movement arousals.'3 This study examined the incidence of swallowing activity only in so far as it related to oesophageal contractions; thus, it is possible that REM sleep is associated, none the less, with an increased incidence of abortive swallows. As in previous studies,'415 there were long periods of nocturnal oesophageal motor quiescence interspersed by bursts of contractions. It is possible that these contraction bursts were caused by episodes of gastro-oesophageal reflux or that they were related to the onset ofmigration motor complexes in the upper gastrointestinal tract. Contraction bursts, however, were seen in all subjects despite the fact that only two gastrooesophageal reflux episodes were seen between 2300 and 1700 in the eight recordings. It, therefore, seems unlikely that gastro-oesophageal reflux was an important stimulant of oesophageal motility in these healthy subjects, although it is conceivable that the contraction bursts were provoked by episodes of gastrooesophageal reflux that were not detected by the pH electrode 5 cm above the lower oesophageal sphincter. The lower oesophageal sphincter, and possibly the distal oesophageal body, may participate in up to 50% of migrating motor complexes. This study did not examine migrating motor complex activity directly but the results do suggest that oesophageal activity is Fig 7) . The (Table III, Fig 7) at night should not be considered sufficient to make a diagnosis of oesophageal dysmotility, particularly if the subject has no symptoms related temporally to the contractions. These apparently abnormal contractions may rather be a manifestation ofheightened arousal and increased autonomic nervous system activity mentioned previously. 1 19 20 The considerable sleep related variations in oesophageal motility recorded in this study provide a basis for studying the roles of central and peripheral control mechanisms in oesophageal motility disorders, including gastro-oesophageal reflux disease. On line analysis of sleep electroencephalographic recordings2' is now available and, in conjunction with oesophageal pH and manometry recordings, it would allow local stimulation of the oesophagus by balloon disten-22212 sion, acid perfusion23 or electrical stimulation24 during specific sleep stages. Study of the oesophageal motor response and also, possibly, the cortical evoked potentials would help to determine the roles of local stimuli, a subject's responsiveness to such stimuli and other central nervous system factors in initiating and modifying oesophageal motility. Similarly, an understanding of the cause of 'atypical', prolonged, high amplitude oesophageal contractions could lay the foundation for a better understanding of the pathogenesis of conditions such as diffuse oesophageal spasm.
